INTRODUCTION
The use of umbilical artery catheters (UAC) is common in the management of critically ill neonates, but may be associated with a variety of complications including infection, thrombosis, aortic dissection, hypoglycemia, umbilical artery rupture, and paraplegia. 1 Aortic aneurysms, with reported high morbidity and mortality, have also been reported in association with UAC's. [2] [3] [4] We report a case of a 24-week infant who developed multiple aortic aneurysms associated with use of an UAC complicated by a Staphylococcus aureus infection with subsequent spontaneous resolution of aneurysms after 5 months.
CASE PRESENTATION
A 665-g-infant male was born to a 22-year-old gravida 1, para 0 mother at 24 weeks gestation by emergent Cesarean section secondary to placental abruption. Maternal pregnancy was complicated by 2 weeks of preterm labor for which she received indomethacin tocolysis, a full course of dexamethasone, as well as antibiotic prophylaxis. Upon delivery, the infant was noted to have severe respiratory depression requiring endotracheal tube intubation, surfacant administration, and mechanical ventilation. An umbilical vein catheter was placed, the tip of which was in the proximal inferior vena cava at the level of T9. A UAC was also placed, the tip of which was in the thoracic aorta at the level of T7-8. Ampicillin and gentamicin antibiotics were empirically started for sepsis and were stopped on day of life (DOL) 7, after initial blood culture was negative. The infant's course was initially complicated by hypotension requiring dopamine, dobutamine, epinephrine, and hydrocortisone (two doses of 1 mg/kg/dose) with pressor support weaned off by DOL 8. The infant developed pulmonary interstitial emphysema with bilateral pneumothoraces requiring chest tube placement and had a patent ductus arteriosus that was closed with indomethcin treatment. On DOL 25, a routine complete blood count test showed an elevated white blood cell count, with subsequent bandemia and thrombocytopenia. The infant had blood and cerebral spinal fluid cultures drawn, which were positive for Staphylococcus aureus. The infant's UAC was pulled and the tip sent for culture, which also grew S aureus that was methicillin sensitive. Despite treatment with oxacillin, gentamicin, and rifampin, his clinical course continued to deteriorate with persistent thrombocytopenia, hypotension, and a worsening respiratory status requiring increased setting with high-frequency oscillatory ventilation.
A limited abdomen ultrasound performed on DOL 28 to evaluate for an abscess or aneurysm was negative. The abdominal aorta was patent without evidence of thrombosis. An echocardiogram, performed on DOL 36 to evaluate for endocarditis, showed a 3 mm fibrin clot on the left atrial appendage. An enhanced abdominal and pelvic-computed tomography scan on DOL 36 revealed three aneurysms of the abdominal aorta and one aneurysm of the right iliac artery, as well as a small left kidney with abnormally decreased, patchy enhancement. On DOL 38, an abdominal and pelvic magnetic resonance angiography (MRA) scan using gadolinium bolus technique revealed multiple large aneurysms: a focal posterior aneurysm measuring 3.5 mm in the thoracic aorta above the hemidiaphragm, a 8.1 Â 6.7 mm 2 aneurysm above the celiac artery take-off, a 10.6 Â 6.3 mm 2 left-sided aneurysm below the superior mesenteric artery take-off with a smaller 2.1 mm aneurysm identified just inferior to the larger aneurysm, a 4.2 Â 7 mm 2 aneurysm above the bifurcation, and a 4.6 x 7.9 mm aneurysm at the origin of the right common iliac artery (Figure 1 ). The MRA also revealed minimal contrast enhancement of the leftsided kidney (Figure 2) .
After surgical consultation, it was decided to manage the infant nonoperatively, since his multiple aneurysms coupled with his unstable respiratory status made him an unfavorable surgical candidate. The infant's meningitis was treated with a 2-week course of oxacillin, gentamicin, and rifampin with negative repeat cerebral spinal fluid studies. He was treated a total of 6 weeks with oxacillin for his endocarditis and multiple aneurysms with resolution of his bacteremia, and improvement in his clinical condition. He never developed or required treatment for hypertension. Dynamic imaging of the kidneys at 2 months of life by a technetium-99m mercaptoacetyltriglycerine scan revealed no discernible left renal activity, consistent with probable infarction, with normal activity on the right side.
A follow-up MRA at 6 months of life showed resolution of all aneurysms (Figure 3 ) with mild vessel tortuosity of the abdominal aorta where aneurysms were previously located. No left renal artery was seen; however, a normal appearing right renal artery was noted. The infant, now 12 months old, had laser surgery for bilateral retinopathy of prematurity and has moderate developmental delay, but is otherwise doing well.
DISCUSSION
Sequential development of multiple aortic aneurysms in a neonate associated with UAC placement is very rare, but has been reported. 5 However, to our knowledge, this is the first reported case of a neonate with documented imaging demonstrating spontaneous resolution of multiple aortic aneurysms, especially over such a short duration. Although surgical intervention is normally advocated due to the high risk for aneurysm rupture, especially thoracic aneurysms, and death in untreated cases, our case demonstrates that aortic aneurysms may self-resolve. Umbilical artery catheter placement in neonates is indicated for blood gas or laboratory sample analysis, continuous blood pressure monitoring, exchange transfusions, and medication infusions. 10 UACs are placed in 10.8 to 64.4% of neonatal intensive care unit admissions, and 2% of all births.
1 Aortic aneurysm formation following UAC placement, which is rare, may be associated with hypertension, uncontrolled sepsis, cardiorespiratory deterioration, and death. The incidence of complications associated with UAC use appears to be related to the duration of time that the catheter is left in place. 11, 12 In our case, the prolonged duration of UAC use may have been a contributing risk factor to the development of infection, and subsequent aneurysm formation. The institution of guidelines in neonatal intensive care units for the discontinuation of UACs after a set duration of time may help reduce the potential complications associated with prolonged use.
There is a strong association with infection, mainly S aureus, and subsequent aneurysm formation. 3, 4, 13 The precise mechanisms leading to aneurysm formation remain unclear. Mechanical trauma from a UAC tip routinely produces aortic endothelial injury which leads to thrombus formation. 14 In the presence of bacteremia or an infected UAC tip, the susceptible vascular endothelium may become infected, resulting in weakening of the vessel wall due to inflammation, and subsequent aneurysm formation. Although the location of the UAC tip has been shown to be associated with the site of future aneurysm formation, 4 this does not explain the formation of aneurysms distal to the UAC tip, as seen in our case. The development of a fibrin sheath involving the arterial wall along the length of the UAC may lead to vessel wall inflammation with subsequent disruption of intimal integrity upon UAC removal. 4, 15 This could potentially lead to aneurysm formation anywhere along the length of the UAC. Aortic aneurysms may develop in the abdominal aorta (43%), thoracic aorta (30%), iliac artery (15%), and thoracoabdominal aorta (12%) with most aneurysms being of the saccular type. 3 Any neonate with UAC placement and S aureus sepsis should be considered at increased risk for aortic aneurysm development. These infants should have their UACs removed, appropriate antibiotics started, and be followed serially with ultrasound to monitor for the development of aortic aneurysms. If hypertension develops, it needs to be adequately controlled, since it may lead to expansion of existing aneurysms, 8 and increased risk for rupture. Since the extent of aortic damage and the amount of arterial reaction to injury seem to correlate with the duration of UAC placement, prompt removal of catheters, when feasible, is advocated to prevent complications.
14 Aortic aneurysms require close observation with serial ultrasound scans to monitor for aneurysm progression. More detailed imaging modalities, such as computed tomography or MRA, provide useful information for planning surgical intervention or for monitoring nonsurgical management.
